Scheduling Configuration on Posix 1003.1b Systems by Grenier, Mathieu & Navet, Nicolas
HAL Id: inria-00152312
https://hal.inria.fr/inria-00152312v2
Submitted on 7 Jun 2007
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Scheduling Configuration on Posix 1003.1b Systems
Mathieu Grenier, Nicolas Navet
To cite this version:
Mathieu Grenier, Nicolas Navet. Scheduling Configuration on Posix 1003.1b Systems. [Research
Report] RR-6209, INRIA. 2007, pp.26. ￿inria-00152312v2￿
appor t  
de  r ech er ch e 
IS
S
N
02
49
-6
39
9
IS
R
N
IN
R
IA
/R
R
--
62
09
--
F
R
+
E
N
G
Thème COM
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Scheduling Configuration on Posix 1003.1b Systems
Mathieu Grenier — Nicolas Navet
N° 6209
June 2007
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,
615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)
Téléphone : +33 3 83 59 30 00 — Télécopie : +33 3 83 27 83 19
 
	
	 !"#%$'&)((*,+-&/.0 213"4657"
8:9<;>=?A@CBEDGF-@CH?A@CF
∗ IKJ ?ALCMONP9RQ J 9TSR@U; ∗
V/WYXZ[]\^`_badcfeTgihjXZ[-g)klmZZonYpYqrkstpChug
vKwxlmyi[h6Vz{x^
z6st|Y|Rlmwxh6}T[wx[~kuWY[wukuWY[pOUtUadUnYpY[tUCamo|<stm[~g
-Ymm vlCgq-mUYklUZ|YqrstpChgeTghx[Z3g)|Ywxlfqr}T[ hi¡¢l,¡¢[¤£¥g|R[-kq¤¦<[-}GgjkuWY[-}YnYqpY,|Rlmqrkq[-g-§Rp<stZ[e©¨ªu«Y¬u­-®]¯%¯
° zlmnYp<}f£±z6lmYqp²q³m[>´,smpµ}E¨ªj«µ¬j­-®¢¶µ·¸ °A¹ vKvºq³U[~´»6|²hjl¼pYl¡ §q¤hxhx[½WµsUg3<[-[p¾}YlmpY[hjl¿hjsm³m[½sU}TstpChjsmm[lmÀ`hjWY[
klmZ]µqpµsthxqlmp¼lmÀ)RlthxWÁ|Rlmqkq[~ghjlZ3sTqZqÂ-[gjkuWY[-}YnYsmYqqhiem{¥p¼hjWYqrg2ghxn<}Tem§K¡¢[|YwxlU|<lCg[hi¡Ãl|YwjqlUwxqhiem§Ä|Rlmqke¿stpµ}
Å nµsmpUhjnYZbsUgxgxqUpYZ[pCh`smUlmwjq¤hjWYZ3g6ÀÆlUw vlUgxq¤¼~mmµ-GgeTghx[-ZgÇhjWµshstwj[]lU|ThxqZ3stÄ¡qhxW©wx[-Usmwj}Yg6hxlhxWµ[2|Rl¡¢[w`ltÀÈhjWY[
ÀÆ[~smgxqYqq¤hiehj[-gh ° qA [mqhjgÄstµqq¤hiehjl`}YqghxqpYmnµqgxW]ÀÆ[~smgxqµ[/stpµ}]pYlmp]ÀÆ[-sUgqY[/klmpT¦<mnYwushjqlUpµgj´#V/WYlUnYmWoZ]nµkuWo[~gxgklUZ|Y[
hjWµstpstp
[TWµstn<gihjqU[Ç[f|µlUwjsthxqlmp4§UhxWY[[f|Rlmpµ[pChxqrstÉklUZ|Y[Tq¤hie3lmÀ4hxWY[ smUlmwjq¤hjWYZ3gÈqZqhjg¢hjWY[qwst|Y|Yqrkstµqq¤hiehjl3gZ3st
lUwZ2[~}TqnYZ2£±gxqÂ-[|YwxlUY[Z3gÄV/WYqrgqrg/¡Wfe
s2WY[nµwxqrgihjqk`qrg|Ywjlm|RlUgx[-},hxl3Wµsmpµ}T[`rstwjm[-w¢hjsmgx³gx[hug
Ê g`gxWYl¡pGqphxWY[2[T|R[wjqZ[pChug§Olmnµw`|µwxlU|<lCgxsmstl¡6gÇsUkuWYq[-fqpYsgxqUpYq¦<ksmpUh`Usmqpqp½ÀÆ[-smgxqYqqhielm[w ¹ vKv§4stpµ}
hjWY[wj[ÀÆlUwx[ nµgxqpYhxWY[oklmZ|YnYhjshjqlUpµst#wx[~glUnYwjk[-g/shhjWY[qw6ÀÆnµ[-gh)|Rlthx[-pChxqrstPÈ{¥pZ3stpfe
k-smgx[-g/¡WY[-wx[ ¹ vKv:}Tlf[-gpYlmh)[-sm}
hjl
s3ÀÆ[~smgxqµ[]gjkuWY[~}TnY[m§OnµgxqpY<lmhxW ¹ vKvEstpµ}½z6zËZ3s>e
|µwxlfqr}T[]stpsthx[wjpµsthxqm[hxl
ÌÈÍ ¹ §O¡WYqrkuW4§OZlUgh)ltÀÎhj[p4§Oqrg)pµlth
qZ|Y[-Z[pChx[~}sthhxWY[o^c³m[-wxpµ[É[m[-A
ÏÐCÑOÒxÓoÔ Õm ^Ç|R[wushjqpµcfeTghx[-Zg-§µ_nµ¤hjq¤£PhjsUg³fqpYµ§µcTkuWµ[-}TnYqpYµ§YzlUnYpµ}f£¥zlUYqp#§ ¹ qT[-}f£±vKwjqlUwxqhie,vKwj[[-Z|Thxqm[U
∗ ÖY×Ø4ÙÎÚÜÛÝØ4ÙÞ×ºßàAá%â>ãUäåÉæuçã>â>èé-êiëíìiîïPë ðñâ>ìÛoòÉóËô%õ%ö~ä`÷uø÷%ù%úûRæuî>ü>áìâ-ý~àÞì¥ÛÎþíÿièAÛ æuî>ê åOìiü>ìmäàAæuî>êiì
	<ç6æuëíþYëíàAèÞïAÛ
 æuçì ÖTæuèÞï æuçìþíá%àÞë æ à
]	
   i
¢657] "	 " "413"4657" !"u$'&6((*,+-&/.
 
	   [-gÇgeTghxXZ[~g6klUpTÀÆlmwjZ[-g6smnGgihustpµ}Ysmwj}vlUgxq©~mmµ-
lRwj[pChÇ}Y[nT|<lUqhxq Å nY[-gÇ} lmwu}TlmpYp<stpµk[Z[pCh6Yq[p
gx|~kq¦[~g§
gxs>Ulmqw]¨ªu«Y¬u­®o¯%¯`[h3¨ªu«Y¬u­®¢¶µ·¸t)lmnµghxnµ}YqlUpµg }Ystp<gk[wust|Y|Rlmwxh  nThxqqgjshjqlUpklmZoYqp[3}T[,k[~g }T[nY
|Rlmq¤hjq Å nY[~g]}Ysmpµg lU|Thxq Å nY[,}T[,Z3sTqZqgx[w rsÀÞstqrgxsmYqqh3[h|YwxlU|<lCglUpµg}T[-g]stmlmwjqhxWYZ[-g } smlTkshjqlUp©}Y[3|Ywxqlmwjqhm§}T[
|Rlmq¤hjq Å nY[} lUwj}TlUpYpµsmpµk[-Z2[-pCh¢[h)}T[ Å nµstpChxnµZ |<lUnYw[-g6gxeTgihjXZ[-g/vlUgxq½-UmY#  [~gstmlUwxqhxWYZ[~g¢} smlTkshjqlUpgxlmpCh
ZlmpChjw~g,lm|YhxqZsmnTÁsmn²wx[-Usmwj} }Tn²|RlmnYUlmqw}Tn hj[-gh}T[ÀÞsmqgjstµqq¤hm§6k [~gihx£t£±}Tqwj[s¼k-st|µsUkqhG}Tn hj[-gh¼}YqghxqpYmnµ[w
[-g,klmpT¦<mnYwushjqlUpµgoÀÞstqrgxsmY[~g,}T[~g,klUpT¦µmnµwjsthxqlmpµg2pYlUpT£AÀÞsmqgjstµ[~g¢q[p Å nY[[~g,stmlUwxqhxWµZ2[~g2|YwxlU|<lCg~gw~}TnYqrg[-pCh,s
klmZ|Y[Tq¤h}Yn |YwjlmYXZ[U§Kk[[£¥kq¢wx[~gihj[[T|RlmpY[-pChxq[[[p [pYlmZoYwj[}T[
h mkuWµ[-g2k[ Å nµq¢qZ2qhx[ nThjqqrgxsthxqlmp }Y[k[-g
smUlmwjq¤hjWYZ[-g! }T[~gK|YwjlmµX-Z2[~gK}T[6|R[hjq¤hj[-gÃ[hÈZleU[pYpY[~ghjsmq[-g-Ä\" [-ghÈ|RlmnYw Å nYlmqP§mpYlUnµgK|µwxlU|<lCglUpµgnYpY[6Wµ[nYwjqghxq Å nY[6|R[n
klmZ|Y[T[ kst|<stY[ }T[hxwustqhx[-w/}Y[-g|YwjlmµX-Z2[~g/}T[ mwustpµ}Y[-gÃhjsmq[~g
vÄstwgxqZonYrshxqlmp#§Cpµlmnµg/klUpµghjshjlmpµg Å nY[`pYlUg¢|Ywjlm|RlUgxqhxqlmpµg¢|R[wjZ2[hhj[pCh6} lUThx[-pYqw¢nµp
Cstqp
gxqUpYq¤¦Rkshjq¤À[pÀÞstqrgxsmYqqh
[-p¼klmZ|µsmwjsmqgxlmp# ¹ vÈvÍ`stpµg}Y[3pYlmZoYwx[-nµgx[-g klUpT¦µUnYwjsthxqlmpµg`pYlUpT£PÀÞstqrgxsmY[~gs>m[-k ¹ vKv§# nThxqqrgjshxqlmp¼klmZoYqp[3}T[
¹ vKv [h
z6z |R[wjZ[h
}T[klmp<}TnYqwx[$¿nµp²lmwu}TlmpYp<stpµk[Z[pChÀÞstqrgxsmY[m§/[h
smqp<gq)}Y[ÀÆlmnYwjpYqw,nYpY[sthx[wjpµsthxqm[$ÌÈÍ ¹ §
|Rlmq¤hjq Å nY[ Å nYqP§Y[|Yn<g6glUnYm[-pCh-§Tp [-gh|µsmg}Tqrgx|<lUpYqµ[}Ysmpµg/[-g6gxeTgihjXZ[-g} [T|Ylmqhjsthxqlmp4
%Ô - Ò '&  
 cfeTgihjXZ[-g/} ÌÄT|YlmqhjshjqlUp4§Y_nYhxq£Ph mkuWµ[-g-§<^Çwj}TlUpYpµsmpµk[-Z2[-pCh-§fzlmnYp<}f£±z6lmYqp4§ ¹ q¤T[~}f£PvÈwxqlmwjq¤hievKwj[[-Z|T£
hjqU[m
 ¸¨
¨ªu«Y¬u­	
ªu¸
-¶T¯Þ¸
 
& Ro#3	
È
 Ô  Ð  Ô  Ð Õ Ñ V/WYqrg3gihjnµ}Te¼}T[~strg]¡qhxW hxWµ[gjkuWY[~}TnYqpYltÀ)wj[-sm¤£PhxqZ[gxeTgihj[Z3goqZ|Y[Z[pChj[-} lmp vlCgq
~mmµ-¼klUZ2|µqrstpCh3^Ç|R[wushjqpµcfeTgihj[Z ° ^cµ´%vlUgxq¤²-Umµ-  !±§K|Ywj[fqlmnµgxe³fpYl¡p¼sUg]vlUgxq#"<§K}T[¦<pY[-gowx[~st£AhjqZ[
[Chj[pµgxqlmp2hxl vlUgxq]Z3stqpYe2klUpµk[-wxpYqpY gxqUpµstrg§mqpChx[-w£±|YwjlTk[-gjgklUZ2ZonYpYqrksthxqlmpµg-§tZ[ZlmwjeZ3st|µ|<[~}]¦<[~g§CgefpµkuWYwjlmpµlmnµg
smpµ}
sUgefpµkuWµwxlUpYlmnµgÃ{x^o§ChxqZ[wugstpµ}gxkuWµ[-}TnYqpY ° s2wx[~kst|
ltÀvlCgq gÃÀÆ[~shxnµwx[~g/wx[-sthx[-},hxl3gjkuWY[-}TnµqpY2qg/UqU[pqp%$uY-´
V/WYqrg6ghjsmpµ}Ystwu},W<smg/R[-klUZ[ m[wje3|Rlm|YnYrstw6smpµ}
Z2lCgih6lmÀ#hjlf}µs>e  g)^c
klmpYÀÆlmwjZ§Ysth6[~smgh|µstwxhxqrsteU§Chxl3qh-
&  Ô 
& Ð 	 Õ Ð'(*)  )ÞÔ+ vlUgxq¼-mUYGklmZ|YqsmpUho^cTg`|Ywjlfq}Y[hi¡¢lgjkuWY[-}YnYqpY|<lUqrkq[-g-§ÉpµsmZ2[-e¨ªu«Y¬u­®¢¶<·¸stpµ}
¨ªu«Y¬u­®o¯%¯%§¡WYqrkuW²nYpµ}T[-wgxlmZ[wx[~gihjwxqrk%hjqlUpµg3}Tqrgxknµgjg[~} qp,$uYm§/smwx[wj[-gx|R[-k%hjqU[e¼[ Å nYqst[pCh3hxl ¹ qT[-}ÁvKwj[[-Z2|Yhxqm[
vKwjqlmwjq¤hie °Þ¹ vKvÃ´ostpµ}zlUnYpµ}f£¥zlUYqp ° z6z ÀÆlmwogWYlUwh%´%V/Wfnµg§nYpµ}Y[w]vlCgq ~mmµ-4§4[~smkuW|Ywjlfk[-gjg qrgsmgjgqmpµ[-}©<lmhxW
s|YwjqlUwxqhiem§Äs½gjkuWY[~}TnYqpY|<lUqrke¼smpµ}É§Äqp¼hjWY[k-smgx[lmÀÇzlmnµpµ}f£¥zlmYqp4§Ks Å n<stpChxnYZ Ê h[-smkuW |<lUqpChqp hxqZ2[U§Klmpµ[ltÀ
hjWY[wx[~sm}Te|YwjlTk[-gjgx[-g6¡qhxWhxWµ[oWYqmWµ[-gh`|Ywjqlmwjq¤hieqrgÇ[T[-knYhx[-}4§4smkklmwu}TqpY3hxl
hxWµ[2wjnY[-gÇltÀ¢q¤hug`gjkuWY[~}TnYqpY
|<lUqrke ° [m µ§
efq[r}TqpµhxWY[o\ÃvÈ»ËstÀÎhx[-w/hxWY[ [-pµ}ltÀs Å nµsmpChxnYZ nµpµ}T[w6z)z)´%
V/WY[ |µwxlUY[-Zºsm}µ}Twx[~gxgx[-}
WY[-wx[ qrg/hxl3sUgxgxqUp
|µwxqlmwjq¤hjq[~g§T|Rlmqrkq[-g6smpµ} Å n<stpChjsohxlhusmgx³Tg/qpgxnµkuWso¡/s>esUg/hxlwj[-gx|<[~k%h
}T[~sm}TqpY[3klmp<gihjwjsmqpChjg- ¹ lmw ¹ vKvstlmpµ[m§OhxWµ[2¡¢[£P³fpYl¡p Ê nµ}Ygx[e½smUlmwjq¤hjWYZ- .!ÈqglU|ThxqZ3stP0/)[wj[o¡¢[3klUpµgqr}T[-wÇhjWY[
k-smgx[-g ° ~´)¡WY[-wx[ohxWY[ Å nµstpChjnYZ stnY[oqrgsgxeTgihj[Z2£P¡qr}T[2klmp<gihustpChsmpµ} ° m´)¡WY[wj[ Å nµsmpChjsk-stp<[kuWYlUgx[p½lmps,hjsUg³C£
|R[wx£Ahusmgx³µsUgqrg- Ê h6hjWY[hxqZ[ltÀÄ¡wjq¤hjqpY<§µksUg[ ° ~´/qrgnYp<}T[w)gxnYYZqrgxgxqlmpstpµ}k-smgx[ ° m´WµsmgR[[-p|YnYYqrgWY[~}qp1 .!± Ê g
qhÃ¡qRR[Çgx[[pqp2$uYístpµ}2$3"µíf§UhxWY[`klUZ2|µ[fqhxq[-gÃltÀOhjWY[-gx[6hi¡¢l|YwjlmY[Z3gÃstwj[6gnµkuW,hxWµsthÃstp,[TWµstnµghxqm[Çg[~stwukuW2qrgKpµlth
ÀÆ[~smgxqY[[U[plmpgZ3stÉgqÂ[|Ywjlmµ[-Zg- ¹ lUwqpµghjsmpµk[U§Yshusmgx³gx[hltÀkstwu}Tqpµstqhie
10
¡qhxWhusmgx³U£¥gx|<[~kq¦<k Å nµsmpChjs2kuWYlUgx[p
smZ2lUpY04]}Tq R[-wx[-pUh/stnY[-gÃwj[ Å nYqwx[~gÄhxlstp<steCÂ-[hxWµ[)ÀÆ[~smgxqYqq¤hie3lmÀ4Z2lUwx[)hxWµsmp 1011 }Tq R[-wx[-pCh/klmpT¦µUnYwushxqlmp<g ° gx[[5$3"< t´
 Ô  )  # )ÞÔ   V#wusm}Yq¤hjqlUpµsteU§µhjWY[oz)z|RlmqkeqrgÇlmpYeklmp<gqr}T[wj[-}n<g[ÀÆnYÀÆlmw`l¡ |YwjqlUwxqhie|YwxlTk[-gjg[~g6|R[wxÀÆlmwjZ2qpY
gxlmZ[½<smku³fmwjlmnYp<}ÁklmZ|YnThushjqlUp hjsmgx³Tg56¡WY[p¾pYlthjWYqpµ Zlmwj[GqZ2|RlmwxhjsmpCh
qrgwjnYpYpYqpY7u{¥p!hxWYqrg
ghxn<}Tem§`smg,¡¢[}Yq}
qp8~T§4!±§#¡¢[3stwjmnY[ohxWµsthhxWY[,klmZ]µqpY[~}½n<g[ltÀ/z6z stpµ} ¹ vKvstl¡6g6hjlGgnµk-k[~gxgÀÆnYeGgjkuWY[-}YnY[3srstwjm[2pCnµZ]R[w ltÀ
gxeTgihj[Z3g¢hxWµsth)stwj[nYpµgjkuWY[-}TnµsmY[¡qhxW ¹ vKv!stlmpµ[m
V/WY[Ç¦µwugih6klmpChxwjqµnThxqlmpklmp<gqrgihugÈlmÀsmUlmwjq¤hjWYZ3gKÀÆlUw/sUgxgxqmpYqpY]|µwxqlmwjq¤hjq[~g§C|Rlmqkq[~g¢smpµ} Å n<stpChjshxWµsthsmwx[`lm|YhxqZsmOqp
hjWY[,g[-pµgx[ohjWµsh qÀÃhjWY[wj[[Tqrgihug sh [~smghsÀÆ[~smgxqµ[3gxlmnThxqlmp9>§4hxWµ[p©hxWY[3smUlmwjq¤hjWYZ3gÇ¡qKwx[hxnYwjp½lUpY[m3V/WY[|Ywjlm|RlUgx[-}
smUlmwjq¤hjWYZ3gÇsmwx[[fhx[p<gqlmpµgÇltÀÈhxWY[krsmgjgqrksm Ê nµ}Ygx[-eGstmlmwjqhxWYZ:í!PV¡¢l
stmlUwxqhxWµZgÇstwj[]|Ywjlm|RlUgx[-}4`V/WY[o¦µwugihlmpµ[m§
k-st[~}<;=µ­¨¬?>@BACAD@FE( G ¢§Wµsmpµ}T[-ghjWY[6ksUg[/¡WY[-wx[¢hxWµ[ Å n<stpChxnYZ stnY[/qgKs gxeTgihj[Z2£±¡q}T[klmpµghjsmpUh~V/WY[pµ[fhKlmpY[D !±§
k-st[~}%;=µ­>¨¬H>@BAIAD@FE( G  ∗ §R[fhx[p<}YgJ;=µ­>¨¬H>@BAIAD@FE( G hxlhjst³U[]qpChxl
sUkklmnYpCh6hjWY[2k-smgx[¡WY[-wx[]hxWY[ Å n<stpChjs
stwj[ hjsUg³C£
gx|<[~kq¦<kÇ>smnµ[-g-V/Wµ[)¡¢lmwugihx£±k-smgx[6klmZ|Y[TqhieltÀÉhxWµ[`smUlmwjq¤hjWYZ3gKqrgÃsUgxgx[-gjg[~}3stpµ}s]gx[h/ltÀ4lm|YhxqZ2qÂ-sthxqlmpµg¢stwj[6|Ywjlm|RlUgx[-}
hjlwx[~}Tnµk[2hjWY[,g[~stwukuWgx|µsmk[m3ÍÇ[-gx|Yq¤hj[hxWY[,gxqmpYq¦<ksmpCh klmZ|Y[TqhieGwx[~}Tnµkhxqlmp4§ÉhjWY[,stmlUwxqhxWµZgsmwx[qZqhx[-}hjlGgZ3st
lUw6Z[-}TqnYZ gqÂ[|µwxlUY[-ZÃV/Wµsth)qg)¡Wfe¡¢[ |YwxlU|<lCg[ qpGsm}µ}Tq¤hjqlUpstpWY[-nYwxqrghxqrkt§µk-st[~}LK#¸m­@BAIAD@FE( G +MOÀÆlmw)smwxU[gqÂ[
|Ywjlmµ[-ZgÈqp,hxWY[`ksmgx[6¡WY[-wx[6hxWY[ Å nµstpChxnµZ stnY[ÇqgÃs]gxefghx[-Z2£P¡qr}T[)klmpµghjsmpUh~V/Wµ[Çgx[-klUpµ}3klUpChxwjqYnYhxqlmp3ltÀÉhjWY[)|<st|R[w
qrgohxWµsth2¡¢[
UqU[3ÀÆnYwxhxWY[-w[fq}Y[pµk[-g]hxWµsth2hjWY[klmZoYqpY[-}¿n<g[ltÀ)RlthjW ¹ vKv stpµ} z6z qrgo[ O[-k%hjqU[£ [~g|R[-kqsme¡WY[p
Å nµsmpUhuskstpR[,kuWYlUgx[p©ÀÆlUw [-smkuW©qpµ}TqCqr}TnµsmÄhjsUg³½£ÀÆlmw ¦<pµ}TqpYÀÆ[-sUgqY[,gxkuWY[~}TnY[-g[-m[p¡WY[-p©hxWY[3¡¢lmwj³flCsm}GlmÀÃhjWY[
gxeTgihj[Zºqrg/WYqmW4

Ð &AT Ð Õ Ó]Ô .N -O[]q}T[-pChxqÀÆehi¡¢l3klUgx[e,wx[-sthx[~}
qpY[-glmÀwj[-gx[-smwjkuWQPKgxkuWY[~}TnYrstYqq¤hiesmpµsteTg[~gstpµ}|Ywjqlmwjq¤hiesUgxgxqmpT£
Z[pCh~ Ê n<}Yg[e
qp1íf§µ!#|Ywjlm|RlUgx[-gsmplU|ThxqZ3st4|µwxqlmwjq¤hie,sUgxgxqmpYZ[pCh6stmlUwxqhxWµZÜÀÆlmw ¹ vKv§µhxWµsth)qg6pYl¡¾¡¢[¤£±³fpYl¡pqp
hjWY[]q¤hj[wushjnYwx[osmghjWY[ Ê nµ}Ygx[-esmUlmwjq¤hjWYZ  shj[wÇlmpqpR 4.!P§<hxWYqrg`stmlmwjqhxWYZ Wµsmg)<[-[p½gxWYl¡phxl<[2strgl3lU|ThxqZ3stÀÆlmw
hjWY[ÇpµlmpT£±|Ywj[[Z|ThjqU[)gjkuWY[-}TnµqpY]¡qhxW¦YT[-}3|µwxqlmwjq¤hjq[~gV/WY[Ç|YwxlUY[Z ltÀ4R[-gh/sUgxgxqmpYqpY |YwjqlUwxqhxq[-gÃstpµ},|<lUqrkq[-gÃnYpµ}T[-w
vlUgxq~mUY¡¢sUgK¦<wjghÈhusmku³f[~}3qpL .!ÉYnTh¢hxWY[glUnYhxqlmp,wj[q[~gÈlUp,WY[-nYwxqrghxqrkg¢stpµ}3qrg¢pYlth¢lm|ThjqZ3sm<qp,hjWY[ÇU[pY[-wjsm<k-smgx[m
SUT ì)êæuþíþWV>ìiàAìÇæIXZY[?\]_^Z` Y èAá%þíâ~ïAëíá%îCäOæèAá%þíâ~ïAëíá%î2ïV>æjïèPâ>êiêiìièPè â>þíþ ]ãæuèAèPìièæèAêUV>ìiü>â>þ æba>ëíþíë ï ]ïAìèÞï¢ýìiàÞë  -ëíî.cã>àÞá%ãmìiàÆï ,ôedèAìiìDf±ô ÷HgÙÎîïV~ì á%þíþíá3h#ëíî.c>äihÉì/ç6æbj%ì/â~èPìá ÉïFV>ìàAìièAãmá%î~èPìïPëíçì+atá%â>î>üæuî>æuþ ~èAëíèÈã~àAá%ãtá%èPìiüëíîlk ömRïAáü>ëíèÞïPëíîc%â>ëíèVnatìiïhOììiî ìæuèPëoa>þíì/æuî>ü2î>á%î-ÛìæuèAëoa>þíìèPá%þíâ~ïAëíá%î>è 
ØØ îpµú%ô%ù%ö
"  /¯x¬?
Þ¬¯bMn
	>¬H
V/WY[|YwjlmY[Z sU}Y}Twj[-gjg[~}WY[wj[qrg}Tq O[wj[pChohxWµsmp qp¼hxWµ[
|Yrstqp ¹ vKv ksUg[
<[~kstn<g[hxWY[nµgx[
lmÀ)z6z [-sU}Yghjl½hjWY[
lTkknYwjwx[-pµk[3lmÀ/gjkuWY[-}YnYqpY 6xstpµlmZ3stq[~g 7%§4¡WYqrkuW¼stwj[3glUZ[hxqZ[-goklmnµpUhj[wx£PqpChxnYqhxqm[U ¹ lmwqpµghjstp<k[m§smgq¤h]¡qÈR[g[-[p
qp $uTo4f§4qpµkwx[~smgxqpYhxWY[ Å nµsmpChxnYZsmnY[2ÀÆlUws
husmgx³Gkstp©[-sm}©gxlmZ[hjqZ[-gÇhjlsUwx[~shx[-wÇwj[-gx|Rlmpµgx[]hjqZ[ÀÆlUwÇhjWYqrghjsUg³O
cfqZqrstwjem§m}T[~kwj[-sUgqpY6hjWY[6gx[hÄltÀRWYqUWY[w|Ywjqlmwjq¤hiehusmgx³fg-§tksmpoqpµkwx[~smgx[KhxWµ[wx[~g|Rlmpµgx[ÃhxqZ2[UV/Wµqg|Ywj[U[pChjgnµgÀÆwjlmZnµgqpY
hjWY[6|Ywjlm|RlUgx[-}2|YwjqlUwxqhiem§m|<lUqrkestpµ} Å nµsmpUhjnYZ smgjgqmpYZ[-pUhKsmUlmwjq¤hjWYZ¡qhxWhjWY[)gjkuWY[-}TnµsmYqqhieosmgjgx[-gjg[~}]fegqZ]nYrshjqlUp4§
lUw6¡q¤hjWGs2ÀÆ[-sUgqYqqhie,hj[-gh6hxWµsth)¡¢lmnYr}pYlth)|RlUgjgx[-gjgglUZ2[gx|R[-kq¦<k |µwxlU|<[-whjq[~g}Tqgjkn<gxgx[-}qp $uTo4f¢{¥pµ}T[-[-}
hxWY[-wx[]¡ÃlUnY}
R[,ksUg[~gÇ¡Wµ[wj[]hjWY[3stmlmwjqhxWYZ ¡¢lmnYr}©}Tqgjksmwj}gxkuWµ[-}TnYrstµ[smgjgqmpµZ2[-pChjg`stpµ}½hxWfnµgpYlmh <[3lU|ThxqZ3stP]{¥p©hxWYqrg ghxnµ}TeU§
ÀÆ[~smgxqYqq¤hieqrg)smgjgx[-gjg[~}
fe
hxWY[2stpµsmeTgxqg6|YnYYqgxWY[~}qp  !±§R¡WYqkuW½[pµgxnYwj[-g/hjWµshÇhxWY[2klmZ|YnYhx[-}Gwx[~g|Rlmpµgx[hxqZ[]RlmnYp<}Yg
}T[~kwj[-sUg[¡WY[pÁhjWY[g[h,ltÀÇWµqUWY[w|YwjqlUwxqhiehjsUg³Tgqrgwx[~}Tnµk[-}É V/WYqrg3|Ywjlm|R[wxhie¿[pµsmY[~g2nµghxlnµgx[stp Ê nµ}µg[eC£±q³m[
smUlmwjq¤hjWYZÜÀÆlmw6hxWY[sUgxgxqUpYZ[pCh/hxWµsth)¡q4R[]gxWYl¡p
hxl3R[ lm|ThjqZ3st#¡q¤hjWwx[-Ustwu}3hjlhxWY[]|<l¡¢[w/ltÀhjWY[hx[~gih~§YhxW<sh6qrgq¤hug
smYqqhie,hxl3}TqrghxqpYmnYqrgxW
ÀÆ[~smgxqµ[lmwpµlmp
ÀÆ[-smgxqY[ klmpT¦µUnYwushxqlmp<g
3R ) ~T )AÔ+ cf[-khxqlmpÇgxnYZZ3stwjqÂ-[-ghjWY[)Z3stqpÀÆ[-sthxnYwj[-gÈltÀÉhjWY[)gjkuWY[-}TnµqpYnYp<}T[w¢vlUgxq¤-mUY3stp<}qpChxwjlT}Tnµk[-g
hjWY[ Zlf}Y[#smpµ}pµlthjsthxqlmpµg-{¥pg[~k%hxqlmp<g¢3smpµ} "Y§Y¡¢[`|µwx[~g[-pUh/hjWY[hi¡Ãl2lm|YhxqZsm4|YwjqlUwxqhiem§f|Rlmqkestp<} Å nµsmpUhjnYZ sUgxgxqmpT£
Z[pChstmlmwjqhxWYZ3g P ;=µ­>¨¬H>@BAIAD@FE( G  ° qA [m§RgxeTgihj[Z2£±¡q}T[oklmp<gihustpCh Å nµstpChjnYZ,´6stp<}L;=µ­>¨¬H>@BAIAD@FE( G  ∗ ° qA [m§ Å n<stpChjs
k-stp<[kuWµlUgx[plmphjsUg³C£±|<[-w£PhjsUg³µsUgqrgj´KV/WY[p#§<stpWY[-nYwxqrghxqrkt§µk-st[~} K¸ U­@BAIA @FE   +M4stqZ2[~}shWµstp<}TqpY3rstwjm[-wÃhusmgx³
gx[hugqg}Yqgjknµgjgx[-}
qpgx[-k%hjqlUp 4YÄÌ,kq[pµkelmÀ#hxWµ[ |YwxlU|<lCgxsmg¢qrg¢hxWY[-psmgjg[~gxgx[-}qpgx[-k%hjqlUpµ
  
	 	
/ ¾"#u$'&6((]*,+&/. 573
."#/"
{¥p©hxWµqggx[-khxqlmp©¡Ã[|Ywj[-gx[pChhxWµ[,geTghx[Z Zlf}Y[Kstp<}©gxnYZZ3stwjqÂ-[]hjWY[3Z3stqp©ÀÆ[-shjnYwj[-gwj[rshx[~}GhjlgxkuWY[~}TnYqpµlmÀ¢vlCgq
~mmµ-4 O©[¢hxWY[-p2|µwx[~g[-pUhhxWµ[6smgjgnYZ|ThjqlUpµgZ3sm}T[¢qp2hjWYqgÄghxn<}Te]stp<}o}T[-wxqm[/gxlmZ[Ã<smgxqk¢|Ywjlm|R[wxhxq[-gltÀµhxWY[6gjkuWY[-}YnYqpY
nYp<}T[w6vlCgq½-Umµ-3hxWµsth6¡q4R[ nµgx[-}
qphxWµ[gnY<g[ Å nµ[pCh6g[~k%hxqlmp<g
 ! "$#%&('*),+-'./#10!2*234657.98;:$!<>=@?#4A$B
{¥phjWY[)klUpChx[fhKlmÀ4^cO§U¡Ã[6}Y[¦µpY[Çs`hjsmgx³osUgÄswx[~knYwjwj[pChKsmk%hjqfqhie]¡WYqrkuW3qrgÄ[qhxWY[-wÈ|R[wxÀÆlmwjZ[-}2fe]wj[|R[hxqhxqm[-eosmnYpµkuWYqpY
s|YwjlTk[~gxg lUw fesnYpYq Å nY[,|YwjlTk[~gxg`hjWµsh]wjnYpµgqp¼kefk[UvlUgxq -Umµ-gx|<[~kq¦µ[-ggjkuWY[~}TnYqpY|Rlmqrkq[-g P3¨ªj«µ¬j­-®o¯%¯%§
¨ªu«Y¬u­®¢¶µ·¸Ásmpµ} ¨ªj«µ¬u­®¸Æ«Y¬¯% V/WY[-gx[½|Rlmqrkq[-gst|Y|Ye lmp¾s |Ywjlfk[-gjgi£±feC£P|YwjlTk[~gxg2µsUgqrgHP¿[~smkuW²|YwjlTk[~gxg
wxnµp!¡q¤hjW:s
|µsmwhjqknYrstwKgjkuWY[-}TnµqpY |Rlmqkeostp<}2sUqU[p|YwjqlUwxqhiemÌÈsmkuW|YwjlTk[~gxgqpYWY[-wxqhjgÄqhjgÃgxkuWµ[-}TnYqpY|µstwustZ[hj[wugÀÆwxlUZqhjgÀÞsthxWY[-w
YnYh)Z3s>e,strgl3kuWµsmpYm[ÇhxWY[-Z sth6wxnYpY£AhjqZ[m
C ¨ªj«µ¬j­-®¢¶µ·¸ P¦YT[-}3|Ywj[[-Z|Thxqm[Ç|Ywxqlmwjqhieo¡qhxW ¹ qwugihx£P{¥p ¹ qwjgh£^ÇnTh¢lmwu}T[wjqpµ]stZlmpµ]gxsmZ[£±|Ywxqlmwjqhie]|YwjlTk[-gjgx[-g-{¥p
hxWY[wj[-ghÄltÀRhxWY[|<st|R[w~§tq¤hK¡qY<[6sUgxgxnYZ[-}]hxW<shKstÉ¨ªj«µ¬u­®¢¶µ·¸`husmgx³TgltÀRsmp2sm|Y|Yqk-shjqlUpoWµs>U[}Tq O[wj[pChÄ|YwjqlUwxqhxq[-g-
O²q¤hjWhxWYqrg6smgjgxnYZ|Thxqlmpstpµ}¡qhxWYlUnTh6kuWµstpµm[ }TnYwjqpµ2wjnYpT£PhxqZ[2¨ªu«Y¬u­-®Ã¶<·¸qrg[ Å nYqst[pCh/hxl ¹ vKv
C ¨ªj«µ¬j­-®o¯%¯0PÄzlUnYpµ}f£¥zlUYqp|<lUqrke ° z)z)´K¡WµqkuW,sml¡6gK|YwjlTk[~gxgx[-gÈltÀÉhxWµ[ÇgjstZ[6|YwjqlUwxqhieohxlogxWµsmwx[hjWY[\ÃvÃ» 6lmhx[
hxWµsth,s½|YwjlTk[~gxgo¡qpYlmh2U[h2hxWY[½\ÃvÈ» nYpChxq6sWYqUWY[w|Ywjqlmwjq¤hiewj[-sm}YeU£Phxlm£PwjnYp¿|YwjlTk[~gxgx[-g2stwj[
[T[-k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wjqk-stfstnY[m§hjWY[/WYqmWY[-whjWY[/|YwjqlUwxqhiei7u4{¥psm}µ}Tq¤hjqlUphjlÇhjWY[
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ªj«µ¬j­ H¬©nYp<}T[wsmgjgqmpYZ[-pUh
(P ,ΨP)
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¸©qg[ Å nµqst[pCh2hxl©¦YT[-}T£P|Ywj[[-Z|Thxqm[
|YwjqlUwxqhie °A¹ vKvÃ´%KV/Wfnµg-§Kgx[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h6lmÀ
i
[[Z[-pUhug
qps2gx[h6lmÀ
k
[[Z[-pUhug
V/WY[klUZ|Y[Tq¤hie3}T[-|<[-pµ}Yg/lmp,hxWY[pfnYZ]R[w¢ltÀ#hjsmgx³TgÃgjkuWY[~}TnY[-},nµpµ}T[wz6z:gqpµk[)hjWY[qw Å n<stpChxnYZÜsmnY[~gÈW<s>m[6hjloR[
kuWYlCg[-p4(O²WY[phxWY[-wx[`stwj[
k
s>eU[wug§CshÃ[-sUgih
n− k+ 1
hjsmgx³TgÃsmwx[Çqpstpz)z!rs>em[w ° qP [U§
n− k+ 1
husmgx³fgÈqpsogxqpYm[Çz6z
rs>em[-wKstpµ}2lmpµ[/hjsmgx³]qp3[-sUkuWltÀRhxWY[6wj[Z3smqpYqpY
k−1
¹ vKv¼rs>em[-wjgu´#smpµ}nY|2hxl
max(n, 2(n−k))
° qP [m§mhusmgx³fgÄsmwx[ 6[U[pYei7
}TqrghxwjqYnYhx[-}½stZlmpY
z6z s>eU[wugj´6cfqp<k[hjWY[ Å nµsmpChxnYZ ksmphjst³U[ ‖ψ‖ = ψmax − ψmin + 1 }Tq R[-wx[-pUhÇ>smnµ[-g-§µhjWY[wj[]stwj[R[hi¡¢[[-p
‖ψ‖ n−k+1
smpµ}
‖ψ‖max(n,2(n−k))
}Tq R[-wx[-pUh Å nµsmpChxnYZºsUgxgxqmpYZ[pChug¢ÀÆlmw6sklUpT¦µmnµwjsthxqlmplmÀ k rs>em[wug-{¥p¼sU}Y}Tqhxqlmp4§
n
husmgx³Tgksmp©R[gxnYO}Tqfqr}T[-}qpChxl
k = 1, 2, ..., n
Z3smpCes>eU[wug stpµ}hjWY[wj[stwj[
k!
}Tq O[wj[pCh]|RlUgjgqY[
|Ywjqlmwjq¤hie©lmwu}T[wjqpYUgostZlmpYGhxWY[
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|YwjqlUwxqhie©s>eU[wug©V/WCn<g§Ks½l¡¢[wRlmnYp<}¿ÀÆlmwohxWµ[gx[-smwjkuW¼gx|µsmk[,ltÀ)hxWY[
|YwxlUY[Z ltÀ
sUgxgxqUpYqpYo|µwxqlmwjq¤hieU§T|<lUqrke
stpµ} Å nµstpChxnµZ ÀÆlmw6sgx[h6lmÀ n hjsmgx³Tg¢qg
n∑
k=1
k∑
i=0
(−1)(k−i) ·
(
k
i
)
· in · ‖ψ‖n−k+1

{¥psgqZqrstw¡/s>em§f¡¢[}T[wjqm[stpnY|Y|R[wRlmnYp<}
fe,wj[|µsUkqpY
‖ψ‖n−k+1
¡q¤hjW
‖ψ‖max(n,2(n−k))

¹ lmwqpµghjstp<k[m§smg]kstp¿R[gx[[-p©lUp¦µmnµwx[   §hjWY[gxqÂ-[3ltÀ/hxWY[
g[~stwukuWgx|µsUk[,klUZ|Ywxqrgx[-g stRlmnYh
2 · 1011
gjkuWY[-}YnYqpY
klmpT¦µUnYwushxqlmp<gÄÀÆlmw/s]gx[h/ltÀ
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qrgpYlmh/|RlUgjgxqY[ qp
|Ywusmk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Number of tasks (n)
Size of the problem - task specific quanta (lower bound)
Audsley-RR-FPP* - task specific quanta (worst-case)
Audsley-RR-FPP - system-wide quantum (worst-case)
¹ qmnYwj[   P¢\ÃlUZ|Y[Tq¤hie
ltÀhxWY[ |µwxlUY[-Z ÀÆlUw)spfnYZ]R[w6lmÀhjsmgx³Tg/stwjeCqpY2ÀÆwjlmZ
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hxl
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° lm<Ãgjksm[ÀÆlUw6eC£±stfqrgu´%K{¥phjWY[
k-smgx[`lmÀhusmgx³C£±gx|<[~kq¦<k Å n<stpChjsµ§fhxWY[ Å nµsmpUhjnYZ stnY[ wustpYU[-g/ksmp
R[kuWYlCg[-pqp
hjWY[ qpUhj[wjst [1, 5] 
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∗  ^ÇnµwsmUlmwjq¤hjWYZ lClU³TgÇsth[~smkuWG|µwxqlmwjq¤hie[U[ i ÀÆlmw sgnµµg[h Ti qp R ¡WYqrkuW½qrg gxkuWµ[-}TnYrstµ[sth`|Ywjqlmwjq¤hie
i
° qpY[
5
´%ocTqpµk[2sth`[-sUgihlmpµ[]husmgx³qgsmgjgxqUpY[-}hjl
[~smkuWG|µwxqlmwjq¤hie[U[P§OhxWY[2pfnYZ]R[wltÀÃhjsUg³TgÇ<[-lUpYmqpY
hjl
R
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TsmZqpY[~g
∑i
j=1
(
i
j
)
· ‖ψ‖j = (‖ψ‖ + 1)i − 1
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n∑
i=1
(‖ψ‖ + 1)i − 1 =
1 − (‖ψ‖ + 1)n+1
1 − (‖ψ‖ + 1)
− (n+ 1)
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Tqhie½ÀÆlUwos½>smwxefqpYpfnYZ]R[w2ltÀhusmgx³Tgqrg]gxWYl¡p¿lmp¿¦<mnYwj[   §ÀÆlUw]qpµgihustpµk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hxW<sh3stwj[,pYlth3gjkuWY[-}TnµsmY[¡Wµshj[m[-w]hjWY[ Å nµsmpChxnYZ sUgxgxqUpYZ[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lmÀhjWY[]|µwxqlmwjq¤hieg[~stwukuWhjwx[-[m§Rs3|YwjqlUwxqhie
sUgxgxqUpYZ[pCh
P
qg)pYlth)ÀÆ[-smgxqY[]¡Wµshj[m[-whxWµ[ Å nµstpChxnµZ
sUgxgxqUpYZ[pCh-§TqÀÄs]husmgx³
τk
¡WYqrkuW
W<smgs|YwjqlUwxqhie
i
qrg/pYlthÀÆ[~smgxqµ[¡qhxWhxWY[ Å nµsmpChxnYZ stlTksthxqlmp
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Audsley-RR-FPP* - task-specific quanta
Audsley-RR-FPP - system-wide quantum
Load-RR-FPP - system-wide quantum
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